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1 Introduction

This contribution discusses the physical channel timing relationships for the Rel-13 low complexity (LC) and coverage enhanced (CE) UEs for MTC [1].
2 Normal coverage
In good coverage situations, it should be possible to achieve a decent data rate that is not an order of magnitude lower than the theoretical peak rate of the LC UE. It should in principle be possible to schedule a full-duplex FDD (FD-FDD) LC UE with both PDSCH and PUSCH in every subframe. A half-duplex FDD (HD-FDD) LC UE or TDD LC UE should be possible to schedule with either PDSCH or PUSCH in most subframes (not in guard periods).
Proposals:

· An FD-FDD LC UE in normal coverage can be scheduled with both PDSCH and PUSCH in every subframe.

· An HD-FDD/TDD LC UE or in normal coverage can be scheduled with either PDSCH or PUSCH in most subframes.

LC/CE UEs use cross-subframe scheduling, meaning that that the EPDCCH transmission and its associated PDSCH transmission will take place in different subframes. If it is desired to allow for dynamic frequency allocation of the PDSCH transmission, it will probably be necessary to insert a guard subframe between the EPDCCH transmission and the PDSCH transmission. Dynamic frequency allocation would provide more scheduling flexibility to eNB.
Proposals:

· Consider the merits of supporting dynamic PDSCH frequency location indicated by EPDCCH.
· Consider the merits of supporting dynamic PUSCH frequency location indicated by EPDCCH.

However, scheduling PDSCH/PUSCH in every subframe or almost every subframe means that the UE needs to be able to receive EPDCCH
 and (unassociated) PDSCH in the same subframe. 

Proposal:

· Multiplexing of EPDCCH and PDSCH in the same subframe to a LC UE is supported in normal coverage.

3 Enhanced coverage

In enhanced coverage, lower data rates and higher latency have to be tolerated. With the subframe repetitions of EPDCCH, PDSCH, PUSCH and possibly PUCCH, the HARQ time line will need to be prolonged and the number of HARQ processes should be reduced.
In the worst coverage scenarios, the number of HARQ processes should probably be 1, and it may only be possible to operate either the PDSCH-related procedures or the PUSCH-related procedures at a time.

Proposal:

· The maximum number of DL HARQ processes for CE UEs is reduced (to less than 8).
· The maximum number of UL HARQ processes for CE UEs is reduced (to less than 8).
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Figure 1: Max #HARQ process = 4 when one repetition in time.
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Figure 2: Max #HARQ process = 2 when two repetitions in time.
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Figure 3: Max #HARQ process = 2 when three repetitions in time.
[image: image4.emf]3 4

9 10 11 12

17 18 19 20 2 1

DL

UL


Figure 4: Max #HARQ process = 1 when four or more repetitions in time.

The EPDCCH repetition factor could be
· semi-static (i.e. configured via RRC signalling)

· dynamic (i.e. blindly detected by the UE)
· dynamic within a semi-statically configured small range

The PDSCH/PUSCH TTI bundle sizes could be

· semi-static (i.e. configured via RRC signalling)

· dynamic (i.e. indicated in DCI on EPDCCH)

· dynamic within a semi-statically configured small range

There are pros and cons with all alternatives. The dynamic signalling alternatives are more error-prone so if those are considered, care should be taken to ensure that the physical channel timing relationships (and frequency locations) are robust against the potential error cases due to decoding errors, false alarms, etc.
Proposal:

· Consider the merits of semi-static/dynamic EPDCCH repetition factor.

· Consider the merits of semi-static/dynamic PDSCH/PUSCH TTI bundle sizes.
4 Conclusions

In this contribution we discussed the physical channel timing relationships for Rel-13 reduced bandwidth and/or enhanced coverage UEs. Based on the discussion, we have the following proposals. 
Proposals:

1. An FD-FDD LC UE in normal coverage can be scheduled with both PDSCH and PUSCH in every subframe.

2. An HD-FDD/TDD LC UE or in normal coverage can be scheduled with either PDSCH or PUSCH in most subframes.

3. Consider the merits of supporting dynamic PDSCH frequency location indicated by EPDCCH.

4. Consider the merits of supporting dynamic PUSCH frequency location indicated by EPDCCH.

5. Multiplexing of EPDCCH and PDSCH in the same subframe to a LC UE is supported in normal coverage.

6. The maximum number of DL HARQ processes for CE UEs is reduced (to less than 8).

7. The maximum number of UL HARQ processes for CE UEs is reduced (to less than 8).

8. Consider the merits of semi-static/dynamic EPDCCH repetition factor.

9. Consider the merits of semi-static/dynamic PDSCH/PUSCH TTI bundle sizes.
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